A treatment is given of the orbit dynamics for linear unstable motion that allows for the zeros in the beta function and makes no assumptions about the realness of the betatron and phase functions. The phase shift per turn is shown to be related to the beta function and the number of zeros the beta function goes through per turn. The solutions of the equations of motion are found in terms of the beta function.
INTRODUCTION
In the case of linear unstable motion, the beta function can be zero at some points in the lattice. Because of the zeros in the beta function, and other assumptions often made about the realness of the beta function and phase function, the usual treatment given for stable motion does not carry over to the case of unstable motion. A treatment is given below, that allows for the zeros in the beta functions and does not make assumptions about the realness of the betatron and phase functions.
It will be shown that the solutions of the equations of motion can be written in the form N , is the number of times p(s) goes through zero between SO and s. P indicates the principle value of the integral.
The solutions of the equations of motion can also be written as
where f ( s ) is periodic and L is the length of one turn. It will be shown that for unstable motion
where N, is the number of zeros the beta function goes through in one turn. P indicates the principle value of the integral.
Often, the case of unstable linear motion is found when a gradient perturbation is applied to a lattice whose unperturbed v-value is close to q / 2 , q being some integer. In this case, perturbation theory will show [l] that the solutions *Work performed under the auspices of the U.S. Department of Energy. have the form given by Eq. (1-1) where 4 / 2 is the half integer close to the unperturbed to the v-value. In the general case, where the unstable motion cannot be viewed as due to a perturbing gradient then the value of q is given by 4 N, where N , is the number of zeros in the beta function in one turn.
It will also be shown that near a zero of the beta function at s = sl, $ will become infinite and the dominant term is $ is given by
See [4] for more details.
THE DEFINITION OF THE BETA FUNCTION
The linear parameters can be defined in terms of the elements of the one period transfer matrix. The 2 x 2 transfer matrix, M , is defined by
The one period transfer matrix is defined by
where the lattice is assumed to be periodic with the period L. The matrix M is assumed to be symplectic 
It follows from Eq. (2) (3) (4) One can define the linear parameters, ,B, a, y, using the elements of the one period transfer matrix. If one uses the form of the transfer matrix often used [2] for stable motion the linear parameters will be imaginary for unstable motion. To make the linear parameters real, they will be defined here in terms of the one period transfer matrix as _ -
In this section, the differential equation for ,fi will be obtained without making any assumptions about the form of the solutions of the equations of motion. For the sake of simplicity, the derivation will be given for the large accelerator case which assumes A11 = A22 = 0 and A12 = 1.
Introducing b, where p = b2, one can then find (see [4] for details) d2b 1 
